Opinion and choice strongly influence sustainability concepts. The building construction industry, in particular property developers, has been charged with promoting excess environmental impacts ranging from overuse of resources to pollution generation. This paper presents an application of sustainability concepts to building projects, as well as to the development of practices, methodology, and tools for evaluating existing buildings. This study will detail how current systems to evaluate building performance operate and how to improve them. This approach utilizes the analytic hierarchy process (AHP). AHP is a multicriteria method that evaluates the relative importance of criteria, subcriteria, and families of indicators, used in the proposed system of technical characteristics applied to the local culture. At the same time, AHP makes visible the critical factors involved in evaluation of sustainability of these buildings. A result of the application of this type of modeling is a system for sustainability assessment and evaluation of environmental aspects and socioeconomic perspectives of existing buildings in the state of Rio de Janeiro, Brazil.
Introduction
The term sustainable development has the meaning "emphasis on quality of life, " thus enabling people to live in a healthy environment while incorporating continuous improvement of social conditions and economic and environmental issues for the present and future generations [1] .
A result of this awareness is that society is considering the construction sector to be a major source of impacts on the environment. This view takes into account the perceived excessive consumption of resources and generation of pollution during the phases of construction and use [2] .
Occupancy consumes 80% of the energy expected to be used throughout the life cycle of a building. Occupancy represents the primary target for actions aimed at energy efficiency to reduce adverse impacts on the environment, human health, and economy [3] .
It should be noted that while buildings are large contributors to environmental degradation they are important for the sustainability of business and quality of life, as city dwellers spend 80% to 90% of their time indoors [3, 4] .
At this point, it is important to note that green buildings provide certain outcomes when subjected to specific requirements. These include minimization of disturbances of the ecosystem and other improvements throughout the life cycle as well as optimization of efficiency of resource management and operational performance leading to minimization of risks to human health and the environment [5] .
The green building promotes the improvement of the local, regional, and global ecosystem during construction and throughout use and optimizes the efficiency of resource management and operational performance while minimizing risks to human health and the environment [5, 6] .
This focus on reducing environmental impact creates the need for a tool to enable monitoring outcomes of environmental performance. Such a tool must incorporate a set of verifiable criteria and goals to enable the owners and designers to align themselves with high environmental standards [2, 6] .
It is worth emphasizing that this endeavor should avoid mere importation of existing methods based on success achieved in developed countries. The reason for this is that the central issue in developing countries is to bypass the environmental assessment for assessing the sustainability of buildings. This approach also fails to address the social and economic aspects related to production, operation, and modification of the built environment [7] .
The challenge addressed in this paper lies beyond adoption of successful formulas. It is necessary to adapt them to the culture of the country or the importing company [7, 8] .
This technology transfer is more likely to be successful when proposed as an active and adapted process. This requires participation of knowledgeable personnel in the government and the construction sector [8] .
The importance of the construction sector to the economy of Brazil combined with the search for more efficient buildings highlights the priority in building research to develop the means to evaluate the sustainability of new and existing buildings.
The central problem addressed in this paper is to create a method for assessing the sustainability of existing buildings customized for use in Rio de Janeiro. The inputs to be considered include the criteria and subcriteria and the families of indicators and their corresponding relative levels of importance.
Assessment of Sustainability of Buildings
In 1990, the Building Research Establishment (BRE) in the United Kingdom (UK) developed the first functional method for assessing the environmental performance of buildings. The method was named Building Research Establishment Environmental Assessment Method (BREEAM) [6, 7] .
This method contained prescriptive requirements that focused on the interior of the building, its immediate surroundings, and the environment [7] .
Since then, many tens of methods were developed and are in use throughout the world. There are basically two approaches for the analysis of environmental performance by buildings [6, 7] .
The first and most widely used approach builds awards points within a selected number of parameters, so called indicators, according to a scale ranging from a environmental "small impact" to a "huge impact" [9] .
These indicators have weights, explicit or not, that recognize the main environmental problems [7, [9] [10] [11] .
The second model utilizes methodology of Life Cycle Assessment (LCA), to indicate the best choice of design, materials of construction, and options for local utilities. Local utilities include energy supply, waste management, and types of transport [9] . Most of the tools focus almost exclusively on environmental dimension [7, 9, 11] . The most obvious reason for this type of strategy is the sustainability agenda in the developed countries. This agenda has focused on values intrinsic to the development model. These consider actions seemingly incompatible with each other that have led to a good quality of life simultaneously with those involved with marked elimination of natural resources around the globe [7] .
Another reason is the concept of recognizing the right of the "other" that exists in developed countries. Others include neighbors, workers, and neighbourhoods. Collectively, this consideration results in a high level of regulation and democratization in decision making, which is oriented to the production, maintenance, and renewal of the urban built environment [7, 9, 11] .
In contrast to this model, developing countries must address initiatives towards sustainable development, primarily from the perspective of social and economic segments [7, 11] .
In this sense, several developing countries including Brazil, Jordan, and Taiwan have been working on interventions considering its social and economic contexts involving representatives of the main stakeholders, namely, universities, designers, builders, and users [7, [9] [10] [11] .
Decision Making
Decision making is not an action that is required or clearly identifiable. Decision making is a decision process that includes not only the final act of choice between alternatives but also a complete process of decision with four phases: intelligence; design; choice; and review [18, 19] .
The decision situations include choice, classification, ordering, ordered classification, and prioritization. Regarding decision situations, they can be described as follows [18] . (e) Prioritization: establishing priority order for the elements of a set of alternatives.
Decision making contains at least one of the following characteristics [19] . 
Multiple Decision Makers and Concurrent Treatment of Complex Issues are important methods used in Multi Criteria
Decision Support in a typical context involving multiple objectives [18] .
It is worth noting that these methods consider that even qualitative criteria can be expressed through a numerical scale, and that the value of each alternative proposal indicates its relative position in a ranking [18, 20] .
Among the more widely used of these methods in various fields of research is the method of Analytic Hierarchy Process (AHP) that provides treatment for complex problems with multiple criteria, stakeholders, and decision makers in a scenario of high uncertainty and high risk [20] .
AHP increases the transparency and objectivity of decision making since it functions with multiple agents that can express their preferences, facilitates detection of controversial items, and provides data for the establishment of agreements [18, 21] .
AHP is a method for choosing the best alternative that incorporates qualitative considerations and quantitative factors into subjective decision making. The theory reflects what seems to be the method of natural functioning of the human mind. That is, when faced with a complex situation with many variables, people gather in groups that share common characteristics [22, 23] .
The AHP Model
AHP is based on the use of pairwise comparisons that lead to elaboration of a ratio scale. Moreover, AHP permits refinement of the decision making process while respecting the global coherence of the user's preferences by calculating an overall consistency ratio [18, [22] [23] [24] .
Construction and use of the AHP model are developed in four stages, namely [18, 23, 24] , (a) structuring the hierarchy in order to identify the main goal, criteria, subcriteria, and alternatives; Construction of a hierarchy requires knowledge and experience in the study area and should be performed carefully to represent reliably the problem being treated [18, 20, 23] .
The phase of collecting the value judgments starts following hierarchical structuring of the problem. This phase seeks to answer three main questions [18] : What will be judged? How is this to be judged? And who should judge?
With regard to the first question, the appraiser must conduct a pairwise comparison of the elements on the same layer of the hierarchy viewed from the perspective of elements positioned on the layer immediately above, as shown in Figure 2 [18, 23] .
The fundamental scale of judgment proposed by Saaty, creator of the AHP, is shown in Table 2 . Nine levels of importance are employed that correspond to the numbers 1 through 9 to rate intensity [23] .
Evaluators must have broad knowledge about the study area and some experience concerning value judgments as well. The choice of experts is critical to achievement of good results. This occurs because AHP enables the capture and synthesis of information regardless of whether qualitative or quantitative, tangible or intangible, or subjective or objective present in the minds of those individuals [20] . Once the structure is built, calculations are then performed to establish prioritization of alternatives. The matrices are then calculated from the lowest level in the hierarchical structure of the AHP framework [18, 23] .
Utilization of specialists for the realization of value judgments with AHP does not preclude the possibility that these judgments may be inconsistent. AHP allows to evaluate the consistency and extent of inconsistency in a matrix of parity judgment [18, 23] .
Finally the global valuation of each alternative is performed according to the method of weighted sums [23] .
Development of Research
In what follows are presented the main stages of the research, ordered chronologically. These included In order to establish the set of variables needed for assessment, buildings sustainability of was analyzed through the main systems. This analysis focused on the possibility of selfassessment by managers of buildings, as well as factors needed to ensure success in implementing the systems in countries at different levels of development [13] [14] [15] [16] [17] .
Initial work indicated that there are few works related to assessments of sustainability in school buildings. This was a main reason for choice of the theme for the case study [25] [26] [27] [28] [29] [30] .
Another reason for development of the tools described here was to encourage use by students to explore opportunities for improving conditions with regard to the health of the occupants and environmental quality [25, 29] .
At this point it is worth noting that once the magnitude and speed of growth of the levels of pollution and environmental degradation and depletion of natural resources were recognized, a number of universities agreed to focus on developing solutions to reverse these trends [30] .
In 2005, 300 deans, chancellors, and presidents of universities in 40 countries signed a document pledging to take action to address these concerns [30] . Areas of prominence include (c) demonstrating examples of environmental responsibility through programs of resource conservation, recycling, and waste reduction in the universities.
In the context of design, construction, and operation of school buildings, several aspects of performance are particularly important in order to fulfil these objectives. These include priority in the use of concepts related to sustainability during design, consideration for sustainability in operation and maintenance, maximizing comfort and safety of occupants, and attention during design of new facilities and expansion and renovation of existing ones to these concepts [29] .
The second phase of this work involved field visits to buildings in the state of Rio de Janeiro in order to identify the social, economic, and environmental contexts. This enquiry included first-hand observations and informal interviews with key stakeholders. These individuals included sustainability experts, safety engineers, maintainers, government inspectors, and occupants.
Given the importance of context respecting realities in developing countries, a holistic approach to issues related to sustainability was used to define criteria for evaluating economic, environmental, and social aspects [7, 9, 11, 31] .
The following grouping of items for verification [7, 9, 11, [13] [14] [15] [16] [17] 31] is presented.
(a) Economic aspects: operational investments and operational expenses.
(b) Environmental aspects: eco management, water efficiency, energy efficiency, materials and resources, waste and, pollution, sustainable site.
(c) Social aspects: comfort and health and safety. Indoor occupant health quality performance
Indoor occupant safety quality performance for this search. AHP provides a good compromise between targets, understanding, and objectivity [18, [20] [21] [22] . The fourth stage was designed to establish the AHP hierarchy as shown in Table 4 .
The next stage was reserved for defining the scoring matrix for sustainability assessment (Figure 3) . The structure involved in deriving the scoring matrix considers the weight and score received by each of the families of indicators under the following possibilities: 0.0 does not meet basic requirements, 0.5 meets basic requirements, and 1.0 exceeds basic requirements [9] .
The categorization criteria set out in world-class systems such as LEED, BREEAM, and SBTool based on the percentage of points earned compared to the total possible score in the evaluation provides the basis for the proposed rating of performance in this situation [13] [14] [15] [16] [17] :
(a) in search of new paradigms-80% to 100%; (b) sustainable-from 50% to 79%; (c) towards sustainability-from 0% to 49%.
The final stage of this research was the case study. This case study incorporated the concepts discussed and results obtained previously. The focus of the study was a school building, constructed in the 1960s, in the state of Rio de Janeiro.
The first action was to select the experts responsible for the value judgments. Use of judgments from each expert for all categories in the entire AHP hierarchy is not appropriate. The reason is that each individual usually has much knowledge about only a single subject. Hence, they should not be called to participate in assessment of branches of the hierarchy in which they do not have the required knowledge [18, 20] .
In this project, a single evaluator having the following profile: Professor, Ph.D., Lead Auditor-quality, safety, and environment management systems-, provided value judgments for the criteria in relation to the main objective, as well as the subcriteria in relation to the corresponding criterion [18] .
Similar measures were adopted with the appointment of a specialist exclusively for the trial of each family of indicators in relation to the corresponding subcriterion. This involved eleven professionals with extensive experience in civil engineering, electrical engineering, sanitary engineering, environmental management, chemical use, safety, architecture, budget and costs, and management of operations, and maintenance [18] .
The procedure for data collection was developed from personal interviews with experts after presentation of the subject in general and the evaluation framework for sustainable buildings in particular [18] .
Prior to application of the instrument, the experts were offered the opportunity to provide suggestions for improvement [31] .
Every completed questionnaire was subjected to the consistency test, and if found inconsistent, was rejected. In this event, the expert was contacted to request a new contribution [18, 23] . Table 5 shows the weighting assigned to criteria and subcriteria.
Results Analysis
As can be seen in the first level of the assessment matrix, environmental and economic aspects were ranked at the same importance, each one represents 43% of the total, and more important than the social aspects representing only 14%.
The lack of importance assigned to social aspects in principle could mean a bad choice in assessing the criteria. In practice, this represents the cultural alignment of the experts who participate in the survey. With the criteria employed by major foreign systems, in the countries of origin, satisfaction of social demands has already occurred [7] .
The five subcriteria considered most important are "operational investments", "operational expenses, " "water efficiency, " "eco management, " and "health and safety. " These subcriteria show significant distribution in importance among the three criteria employed.
"Use of water" was considered the most important subcriterion in relation to the criterion "environmental aspects. " This is evident of a good level of adjustment to the local context consistent with costs and difficulties involved with the systems of water supply in big cities [7, 9, 11]. "Health and safety" in relation to the criterion "social aspects" holds priority over the subcriterion "comfort. " This result is expected since the performance of indicators in health and safety sector in Brazil often falls short awakening in the general population a sense of importance and significance. Table 6 shows the differences obtained in the levels of importance to key aspects of the main systems available compared to the proposed methodology. Only indoor environment quality and eco management have similar level of importance.
Finally, the main tools provide an extensive set of criteria validated in their respective countries and are more efficient 8 Journal of Construction Engineering for an overall evaluation of buildings than for an individualized assessment of a specific project [9] .
Conclusions
Findings obtained during this research indicate that it is possible to assess the sustainability of existing buildings. Sustainability is associated with several environmental, economic, and social aspects that vary from region to region and depend on the prevailing local context [7, 9, 11] .
The holistic approach used in this study produces significant benefits and positive impacts on social and economic areas for developing countries not provided by traditional models used for evaluation. This results because of the heavier emphasis in these models on environmental aspects [7, 9] .
Another important observation relates to the complex environment of decision making in choosing the criteria, subcriteria, and families of indicators since this occurs in the context of simultaneously acting, multiple variables and personal interpretations of participants reflecting their respective experiences and preferences [18, 23] .
The multicriteria analysis, implemented with the AHP to determine the relative importance of the aspects involved in a sustainability assessment of existing buildings and supported by the opinion of experts and stakeholders, revealed itself adequate to the extent that the situation demanded a holistic and multidisciplinary perspective [7, 18, 20, 23] .
The AHP method eases understanding of the decision making process for the participants involved as well as the meanings of the results [18, 20, 23] .
Use of AHP provides a means to optimize decision making from a quantitative analysis and minimizes impacts associated with the use of purely qualitative methods [18, 23] .
Use of specialists with extensive knowledge in specific areas is adequate in view of the reduction in the number of required calculations when employing tools complementary to the AHP to obtain the consensus matrix from arrays of single parity comparisons [18, 32] .
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